This research analyzed the influence of the differences in the forecast accuracy of fundamental values on the financial market. As a result of intensive experiments in the market, we made the following interesting findings: 1 improvements in forecast accuracy of fundamentalists can contribute to an increase in the number of fundamentalists; 2 certain situations might occur, according to the level of forecast accuracy of fundamentalists, in which fundamentalists and passive management coexist, or in which fundamentalists die out of the market, and furthermore; 3 where a variety of investors exist in the market, improvements in the forecast accuracy could increase the number of fundamentalists more than the number of investors that employ passive investment strategy. These results contribute to clarifying the mechanism of price fluctuations in financial markets and also indicate one of the factors for the low ratio of passive investors in asset management business.
Introduction
A growing body of studies regarding asset pricing have been conducted, and many prominent theories have been proposed 1-4 . Along with the advancement of these theories, many arguments regarding securities investment in practical business affairs in finance have been actively discussed. The theory of asset pricing and investment strategy for shares are also currently being discussed with enthusiasm. The accurate valuation of fundamental values of investment grade assets is one of significant interest for those investors that actually make transactions in real financial markets. For example, many of institutional investors have a number of security analysts in their own companies in order to try to evaluate the fundamental values of each security.
Market efficiency is a central hypothesis in traditional asset pricing theories and there has been a large amount of discussion regarding it 5 . For example, in the Capital 2 Journal of Probability and Statistics Asset Pricing Model CAPM , which is one of the most popular asset pricing theories, equilibrium asset prices are derived on the assumption of efficient markets and rational investors. CAPM indicates that the optimal investment strategy is to hold market portfolio 1 2 . Since it is very difficult for investors to get an excess return in an efficient market, it is assumed to be difficult to beat market portfolio even though fundamental values are estimated correctly based on public information 2, 6 . On the other hand, passive investment strategy, which tries to maintain an average return using benchmarks based on market indices, is consistent with traditional asset pricing theories and is considered to be an effective method in efficient markets. On the basis of such arguments, there has been growing interest in passive investment strategy in the practical business affairs of asset management. Many investors employ the passive investment strategy for their investment. 2 Recently, however, traditional financial theories have been criticized in terms of their explanation power and the validity of their assumptions. Behavioral finance has recently been in the limelight and many reports indicate that deviation from rational decision-making can explain anomalies which cannot be explained with traditional financial theories 7-10 . Generally, investor behavior which is assumed in behavioral finance has complicated rules for decision making compared to decision making based on expected utility maximization. For this reason, in many cases, it is difficult to derive the influence of investor behavior on prices analytically 11 . In order to take such investors behavior into account in analyzing financial markets, we need to introduce a different analytical method.
In the area of computer science, Agent-Based Modeling has been proposed as an effective approach to analyze the relation between microrules and macrobehavior 12 . This is a bottom-up approach that tries to describe macrobehavior of the entire system using local rules. This approach is appropriate for analyzing a multiagent system in which a great number of agents that act autonomously gather together. 3 The agent-based approach is applied in a wide variety of study fields such as engineering and biology, and many reports have been made about analyses adopting this approach in the field of social science 13-17 . In the background of the above-mentioned arguments, the purpose of this research is to clarify the influence of the difference in the forecast accuracy of fundamental values on financial markets by using the agent-based model for analysis. This analysis includes the relationship between fundamentalists that invest based on fundamentals and passive investment strategy. Section 2 describes the model used in this analysis. Section 3 shows the results of the analysis. Section 4 summarizes this paper.
Model
A computer simulation of the financial market involving 1000 investors was used as the model for this research. Shares and risk-free assets were the two types of assets used along with the possible transaction methods. Several types of investors exist in the market, each undertaking transactions based on their own stock evaluations. This market was composed of three major stages, 1 generation of corporate earnings, 2 formation of investor forecasts, and 3 setting transaction prices. The market advances through repetition of these stages. The following sections describe negotiable transaction assets, modeling of investor behavior, setting transaction prices, and natural selection rules in the market. 
Negotiable Assets in the Market
This market has risk-free and risk assets. There are risky assets in which all profits gained during each term are distributed to the shareholders. Corporate earnings y t are expressed as y t y t−1 · 1 ε t . However, they are generated according to the process of ε t ∼ N 0, σ 2 y with share trading being undertaken after the public announcement of profits for the term 18 . Each investor is given common asset holdings at the start of the term with no limit placed on debit and credit transactions 1000 in risk-free assets and 1000 in stocks . Investors adopt the buy-and-hold method for the relevant portfolio as a benchmark 4 to conduct decision-making by using a one-term model.
Modeling Investor Behavior
Each type of investor handled in this analysis is organized in Table 1 . 5 The investors in this market evaluate transaction prices based on their own forecasts for market tendency, taking into consideration both risk and return rates when making decisions. Each investor determines the investment ratio w i t based on the maximum objective function f w i t as shown below 6 19 : 
2.2
Here, r f,i t 1 Cr im t expresses the expected rate of return, calculated from short-term expected rate of return, and risk and gross current price ratio of stocks, respectively. c is a coefficient that adjusts the dispersion level of the expected rate of return calculated from risk and gross current price ratio of stocks 19 . 
2.4
Stock Price Forecasting Method
The fundamental value is estimated by using the dividend discount model, which is a wellknown model in the field of finance. Fundamentalists estimate the forecasted stock price and forecasted profit from profit for the term y t and the discount rate δ as P 
y t · 1 a t−1 . Forecasting based on past averages involves estimating the next term stock prices and profit based on the most recent average stock value.
Risk Estimation Method
In this analysis, each investor estimates risk from past price fluctuations. Specifically, stock risk is estimated as σ 
Determination of Transaction Prices
Transaction prices are determined as the price where stock supply and demand converge
In this case, the total asset F i t of investor i is calculated from transaction price P t for term t, profit y t and total assets from the term t−1, stock investment ratio w i t−1 , and risk-free rate r f , as F i t
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Rules of Natural Selection in the Market
The rules of natural selection can be identified in this market. The driving force behind these rules is cumulative excess profit 21 . The rules of natural selection go through the following two stages: 1 the identification of investors who alter their investment strategy, and 2 the actual alteration of investment strategy 17, 22 . Each investor determines the existence of investment strategy alteration based on the most recent performance of each 5-term period after 25 terms have passed since the beginning of market transactions. The higher the profit rate obtained most recently is, the lesser the possibility of strategy alteration becomes. The lower the profit, the higher the possibility becomes. Specifically, when an investor could not obtain a positive excess profit for the benchmark portfolio profitability, they are likely to alter their investment strategy with the probability below:
Here, however, r
is the cumulative excess profitability for the most recent benchmark of investor i. Measurement was conducted for 1 term, 5 terms, and 25 terms, and the cumulative excess profitability was a profitability of one-term conversion.
Regarding the determination of a new investment strategy, an investment strategy that has a high cumulative excess profit for the most recent five terms forecasting type is more likely to be selected. Where the strategy of the investor i is z i and the cumulative excess profit for the most recent five terms is r cum i , the probability p i that z i is selected as a new investment strategy is given as p i e
. 8 Those investors who altered their strategies make investments based on the new strategies after the next step.
Analysis Results
First of all, the case where investors make decisions based on past prices in the market is analyzed. Specifically, a market where there are investors that make forecasts based on past price trends and past price averages, as well as fundamentals, is analyzed. Afterwards, the case where there are investors that conduct passive investment strategy in the market is analyzed.
Where There Exist Investors That Forecast Based on Past Price Fluctuations
First of all, the influence of differences in the forecast accuracy of fundamentals on the market was analyzed. Afterwards, the influence of the difference in the forecast dispersion of investors other than fundamentalists was analyzed.
Influence of the Difference in the Forecast Accuracy of Fundamentals
This section analyzes the influence of the difference in the forecast accuracy of fundamentalists on the market where there exist heterogeneous investors in the market. From the start, there are a similar number of the three types of investors Table 1 : Type 1-3 in the market. In the beginning, the case where the forecast dispersion of investors σ n is 1% is described, and then the case where the forecast error of fundamentalists differs is described. 
Where the Forecast Dispersion of Investors Is 1%

Where the Forecast Error of Fundamentalists Is 2%
Figures 3 and 4 show the transaction prices and the transition of the number of investors where the forecast error of fundamentalists increases. In this analysis, the forecast error of fundamentalists σ n is 2%, and the forecast dispersion of investors other than fundamentalists σ n is 1%. With respect to the transitions of transaction prices, as shown in Figure 3 , it can be confirmed that transaction prices are consistent with fundamental values. Regarding the transition of the number of investors, similarly, the number of fundamentalists increases as time passes. When Figures 2 and 4 are compared regarding the rate of increase in the number of fundamentalists, the rate of increase is significant where fundamentalists have high accuracy in their forecasting. These results show that the better the forecast accuracy of fundamentalists becomes, the greater the rate of increase in the number of fundamentalists. The next section analyzes the case where the forecast error is 0%. 9 Where the Forecast Error of Fundamentalists Is 0% Figure 5 shows the transition of the number of investors where the forecast error of fundamentalists σ n is 0%. 10 The forecast dispersion of investors other than fundamentalists σ n is constant at 1%. Where Figure 5 is compared with Figures 2 and 4 , the rate of increase of the number of fundamentalists is fastest in the case of Figure 5 . When it comes to the rate of increase in the number of fundamentalists, the rate of increase goes up as the forecast accuracy improves. These results show that the better the forecast accuracy becomes, the more likely it is that fundamentalists can survive in the market. This result is consistent with traditional financial theory. The influence of the difference in the forecast accuracy of fundamentalists was analyzed in this analysis. Whether or not fundamentalists can survive in the market likely depends on the influence of the forecast dispersion of other investors. To confirm the influence of other investors, the next section analyzes the influence of forecast dispersion of investors other than fundamentalists. 
Influence of Forecast Dispersion of Other Investors
Here, the influence of forecast dispersion of other investors on the rate of increase in the number of fundamentalists is analyzed. The forecast accuracy of fundamentalists in this analysis σ n is consistent at 1%. Figures 6 and 7 show the transitions of the number of investors where the forecast dispersion of investors other than fundamentalists is 2% and 3%. As the same with the previous section with respect to the transition of the number of investors, the number of fundamentalists increases as time passes. Furthermore, the rate of increase becomes faster as the dispersion of investors other than fundamentalists becomes significant. 11 These results show that interaction with other investors should be taken into consideration in order to clarify the mechanism of financial markets. In this sense, these results are highly suggestive. 
Where There Exist Investors That Conduct Passive Investment Strategy
This section analyzes the case where there exist investors that conduct passive investment strategy. First of all, the influence of the difference in the forecast accuracy of fundamentalists is analyzed, and then another analysis considers more practical conditions.
Influence of the Difference in Forecast Accuracy of Fundamentalists
This section analyzes the influence of differences in the forecast accuracy of fundamentalists on the market where there exist investors that conduct passive management. In the early stages, there are a similar number of the four types of investors Table 1 : Type 1-4 in the market. First of all, the case where the forecast dispersion of investors σ n is 1% is described. Afterwards, a case where the forecast error of fundamentalists is 0% is described. 
Where the Forecast Dispersion of Investors Is 1%
Figures 8 and 9 show the transitions of transaction prices and the numbers of investors. Figure 9 shows that the number of investors that conduct passive investment strategy increases as time passes, and all the investors are conducting passive investment strategy after a certain period of time. 13 These results support the effectiveness of conducting passive investment strategy from the viewpoint of investment performance, which is consistent with traditional asset pricing theories 2 . Transaction prices, however, do not show fundamental values from around the middle of the transaction period. The same trend can also be confirmed in the case where the forecast accuracy of fundamentalists is 2%. Under the present conditions, the investment behavior of fundamentalists and passive management is the same on average. However, among fundamentalists, the number of investors that conduct passive investment strategy increases due to forecast error of fundamentalists.
14 Where the forecast accuracy of fundamentalists is good, σ n 0 , coexistence of fundamentalists and passive management can be predicted. The next section analyzes the case where the forecast error of fundamentalists σ n is 0%.
Where the Forecast Error of Fundamentalists Is 0%
Figures 10 and 11 show the transitions of transaction prices and the number of investors where the forecast error of fundamentalists σ n is 0%. In this analysis, the forecast dispersion of investors other than fundamentalists σ n is constant at 1%. The price history shows that traded prices are consistent with fundamental values throughout the entire transaction period. Additionally, the transitions of the number of investors show that fundamentalists coexist with those investors that conduct passive investment strategy in the market. Just as with the present conditions, where there exist only two types of investors in the market, those investors that conduct passive investment strategy and fundamentalists, and where the forecast accuracy of fundamentalists is good σ n 0 , as a result, investment behavior of both investors becomes equal. Given this, both types of investors are likely to exist in the market. The analysis conducted in this section confirmed that different situations could be generated. For example, fundamentalists and investors who employ passive investment strategy coexisted in the market according to the forecast accuracy level of fundamentalists or fundamentalists could die out in the market. These results suggest that the difference in estimation accuracy of fundamentalists should have a significant impact on the market. Thus, the results obtained in this analysis are very interesting.
Analysis That Considers the Actual Investment Environment
This section conducts analysis under conditions close to that of actual market conditions. In real markets, investors do not always determine their investment strategy based only on past investment performance. This section focuses on how to change investment strategy in order to analyze the case where some investors randomly change investment strategy. 15 First of all, the case where 1% of investors changes investment strategy in a random manner is analyzed. Afterwards, another case, where there is an increase in the rate of investors in changing investment strategy randomly, is analyzed. In the early stage, there are a similar number of the four types of investors Table 1 : Type 1-4 in the market. The forecast dispersion of investors other than fundamentalists σ n is constant at 1% . Figure 12 shows the transitions of the number of investors where the forecast accuracy of fundamentalists σ n is 1%. This shows that fundamentalists and investors that conduct passive investment strategy coexist together in the market. 16 Since investors who randomly change investment strategy exist, fundamentalists and passive investors coexist in the market when fundamentalists' forecasts are not entirely accurate. The existence of a wide variety of investors can make it possible for fundamentalists to obtain more excess earnings through market transactions. As a result, the number of fundamentalists probably increases. Figures 13 and 14 show the transitions of the number of investors where the forecast accuracy of fundamentalists is 2% and 0%. These results can confirm that fundamentalists and investors that conduct passive investment strategy coexist. In addition, a comparison of Figures 13 and 14 shows that as the estimation accuracy of fundamentalists increases, there is a corresponding increase in the number of fundamentalists over time. These results are interesting. They show that the number of fundamentalists who can survive in the market is significantly influenced by the estimation accuracy level of fundamentalists. Figure 15 shows the transitions of the number of investors where the rate of investors that randomly change investment strategy is 2%. 18 If there is an increase in the rate of investors who randomly change investment strategy, there is a corresponding increase in the number of fundamentalists. 19 Figure 16 shows the transitions of the number of investors where the rate of investors who randomly change investment strategy is 3%. This shows that the number of fundamentalists increases even further, exceeding the number of investors who conduct passive investment strategy. 20 In real markets, the effectiveness of passive investment strategy has widely been recognized from the viewpoint of practical business affairs as well as the academic standpoint. However, when the entire market is focused on, the rate of investors that adopt passive investment strategy is not always high. These results suggest that the existence of various sources of excess earnings should be included as one of the factors for the low ratio of passive investors. These are interesting results from both business and academic viewpoints. 
Where a 1% of Investors Randomly Changes Investment Strategy
Where the Rate of Investors That Randomly Change Investment Strategy Increases
Summary
Using analyses of agent-based model, this research looked at the influence of the difference in the forecast accuracy of fundamental values on financial markets. As a result of this computer-based market analysis, the following findings were made: 1 improvements in the forecast accuracy of fundamentalists can contribute to an increase in the number of fundamentalists; 2 certain situations might occur, according to the level of the forecast accuracy of fundamentalists, in which fundamentalists and passive management coexist, or in which fundamentalists die out of the market, and furthermore; 3 where a variety of investors exist in the market, improvements in forecast accuracy could increase the number of fundamentalists more than the number of investors that conduct passive investment strategy. These results contribute to clarifying the mechanism of price fluctuations in financial markets and also indicate one of the factors for the low ratio of passive investors in real financial markets. At the same time, they indicate that agent-based modeling is effective in conducting analyses in the field of financial studies. The results obtained in this analysis have significant meaning from both an academic and a practical business viewpoint. A more detailed analysis that considers the actual investment environment should be included in future research.
List of Parameters
This section lists the major parameters of the financial market designed for this paper. The explanation and value for each parameter is described. 2. Passive investment strategy has been well-known in the actual asset management businesses. On the other hand, active investment strategy that tries to obtain excess earnings using investments has been widely prevalent. There also exist investment trust funds that look for their basis of conducting active management in behavioral finance.
Parameters Abbreviations
3. In the case of a financial market, investors represent agents and a stock market represents a multiagent system 17, 24 .
4. Buy-and-hold method is an investment method to hold shares for medium to long term.
5. This analysis covered major types of investor behavior as the analysis object 9 .
6. The value of objective function f w i t depends on the investment ratio w i t . The investor decision-making model here is based on the Black/Litterman model that is used in the practice of securities investment 19, 25 .
7. In the actual market, evaluation tends to be conducted according to baseline profit and loss.
8. Selection pressures on an investment strategy become higher as the coefficients' value increases.
9. This is one of the characteristics of agent-based modeling where such an analysis can be conducted.
10. Where the forecast accuracy σ n is 0%, there are no forecast errors by fundamentalists.
11. In other words, these results show that the rate of increase in the number of fundamentalists is influenced by the forecast dispersion of other investors.
12. A detailed analysis of the forecast accuracy of fundamentalists and the forecast dispersion of other investors needs to be carried out in the future.
13. See Takahashi et al. 6 for a detailed analysis of the influence of passive investment strategy on stock markets.
14. Under the present conditions, where the estimation accuracy of fundamentalists σ n is 1% and 2%, all the investors conduct passive investment strategy in either case. In this sense, under the present conditions, the estimation accuracy of fundamentalists σ n does not have any impact on whether or not fundamentalists can survive in the market.
15. Such a mechanism that works can make it possible for investors other than fundamentalists to always exist in the market.
16. In this case, transaction prices are consistent with fundamental values.
17. In the case under discussion here, market transactions consist of funds transferred between fundamentalists and other kinds of investors. The existence of various investors serves to provide the source of excess earnings for fundamentalists. These transactions serve to determine transaction prices and therefore conform to fundamental values.
18. The increase in the rate of investors who randomly change investment strategy means that there are more investors whose investments are based on trends and past averages in the market.
19. In this case, transaction prices are consistent with fundamental values.
20. This paper analyzes the relationship between microbehavior and macrobehavior under conditions where market prices are consistent with fundamental values. Analyzing the market under other conditions, such as when fundamentalists are eliminated from the market, will form part of our future work 17 .
21. These results provide a significant suggestion with regard to the meaning of conducting active investment strategy.
